The effects of normal respiration upon the heart, blood pressure, and peripheral circulation were studied in normotensive and hypertensive subjects. Changes of right and left ventricular output were measured by the ballistocardiogram and the pressure-pulse method of Remington, peripheral blood flow by plethysmographs. The central and peripheral changes were interrelated and evidence is presented that the latter are chiefly due to the effects of intrathoracic pressure upon cardiac filling.
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F OR MANY years it has been known that quiet respiration is accompanied by certain changes in the dynamics of the circulation. On inspiration the output of the right ventricle increases, that of the left decreases,'-6 arterial pressure falls7-" and regional blood flow is diminished.'2-'4 During expiration the direction of the changes is reversed. Their origin has been attributed to the effects of variations of intrathoracic pressure upon the filling of the right heart which in turn affects the filling of the left heart.2-6 The depth, type and rate of respiration7' 11 influence the magnitude of the changes to some degree. There is no information on the effects of quiet respiration upon peripheral resistance.
Most of the above studies have been made on laboratory animals. Rather drastic procedures were used and either central or peripheral circulatory changes were investigated. The present study represents an attempt to interrelate all the changes in man, using technics designed to cause as little disturbance to the subject as possible. In addition, the reactions of normotensive and hypertensive individuals were compared.
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METHODS
Simultaneous measurements were made of the variations of the output of each ventricle, of arterial pressure and of volume flow through various peripheral areas. Blood pressure was measured directly by a Hamilton optical manometer"' through a 20 gage hypodermic needle in the brachial artery. Respiration was recorded by a pneumograph strapped about the thorax. Directional changes in regional blood flow were estimated with photoelectric plethysmographs applied usually to the lobe of the ear, the toe tip and finger tip. In a few instances they were followed in the forearm and hand with an air plethysmograph. Similar changes were found in other regions of the body, i.e., the scrotum, cheek, tongue, and rectovaginal septum. These instruments did not provide quantitative measurements of blood flow, but directional changes were estimated from the diastolic volume of the part. All electrical signals were led through direct current sive, 11 suffered from "essential" hypertension of varying degrees of severity, and 2 had hypertension from other causes. The two groups were comparable in age and included 22 men and 2 women. The laboratory was air-conditioned at a constant temperature of 78 F., and all experiments were carried out in semidarkness. The only disturbing stimulus was the arterial puncture, done after periarterial novocaine infiltration. In most instances measurements were obtained during quiet relaxed breathing (table 1) . rated and averaged in all of the respiratory cycles of the strip. The ballistocardiographic changes were calculated according to the altitude formula of Starr and Schroeder.20 Left ventricular output was estimated from the data of table 2 of Remington and co-workers,"9 the pressure-pulse values being obtained from the arterial pressure tracings. Peripheral resistance was calculated as the ratio of the mean arterial pressure to the mean ballistocardiographic stroke index, mean blood pressure being considered as diastolic pressure + 40 per cent of the 1 § 1 e t t a y 1 , ' t * ! ' , , -I E 0 i I ' 1 b i n s -' 
RESULTS
Respiratory variations of blood flow were found in every peripheral area in which measurements were made. They stopped during periods of apnea ( fig. 1) . The relationship of these changes to those of cardiac output and blood pressure can be seen in figure 2 . When the beatto-beat calculations were made of cardiac out-CARDIAC OUTPUT, BLOOD I3RESSURE AND RESISTANCE put by the pressure-pulse and ballistocardiographic methods, it was found that the two changed in opposite directions. * Blood pressure, systolic more than diastolic, and peripheral blood flow mirrored the changes in left ventricular output. Changes in the volume of the forearm followed the level of blood pressure with a lag of approximately one beat ( fig. 3 ). This interrelationship of central and peripheral changes was constant in all parts of the body studied. The present paper is the first attempt to quantitate the respiratory variations of the output of the right heart by the ballistocardiogram. While the kinetic energy of the blood ejected by the left ventricle is thought to contribute a somewhat greater proportion to the forces which produce the ballistocardiographic complex, the respiratory variation of the complexes is believed to be largely a reflection of changes of right ventricular ejection.' 18 Although other factors are known to affect the respiratory variations, i.e., positive pressure breathing2' which diminishes right ventricular output,22 myocardial disease,23 and pooling in the splanchnic bed,24 they do not appear to be of significance in the present study. The values of respiratory changes of right ventricular stroke volume estimated by cardiac catheterization in man' are of the order of magnitude of those calculated above (table 1) . The respiratory changes observed in the stroke volume of the left heart were small. The method used provides only an estimate of the alterations in that the calculations are based on arbitrary values of functions which are known to differ from individual to individual. Consequently, it might be inadequate for the quantitation of such small variations of stroke index. It is difficult to conceive, however, that the method could be so inaccurate as to be erroneous in regard to direction. It is striking that the calculated percentile changes of left ventricular stroke volume are also within the range estimated by cardiac catheterization in man. ' When the values of the mean ballistocardiographic stroke indexes were corrected so as to be comparable to those obtained with direct Fick methods, for example, BCGtrean + 0.18 BCGmean,2' they gave a good correlation with the pressure-pulse stroke index in 9 of the 11 normotensive patients and in 9 of the 13 hypertensives, provided that errors up to 20 per cent were allowed in both methods. * output were found to be smaller in the hypertensive group but this apparent difference is probably due to factors inherent in the calculations. A small error in the estimation of blood pressure at low levels gives greater increments of stroke volume by the pressure-pulse method than at hypertensive levels.'~' 3. Respiratory variations of blood pressulrec were on the average greater in the hypertensiVe group. This finding was to be expected because of the characteristics of the pressure volume curve of the aorta,." that is, a given inease * Although no explanation is given for these findings,23 the most plausible one is that the kinetic energy of the blood ejected by the left ventricle is reduced. Consequently the blood expelled by the right ventricle exerts a greater effect upon the size of the complexes. However in many instances these results may result, to a great extent, from the secondary effect of pooling of blood in the peripheral circulation fand inadequate venous return to the heart.24
